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Abstract 
Operating experience of impulse seals under various extreme conditions has confirmed their main positive properties: 
an effective heat-removal, the ability to condense fluids, gases, gas-liquid mixtures, reversibility with respect to the 
direction of rotation and the pressure drop to be sealed, the ability to serve as parking seals, significantly lower 
dimensions as compared with conventional mechanical face seals. The use of such seals can save energy and 
resources, as well as increase the environmental safety of the pump and compressor equipment. 
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1. Introduction 
The problems of the rotating shafts sealing are especially difficult and responsible for centrifugal 
pumps and compressors transferring aggressive, toxic, radioactive, explosion - and fire - hazardous 
liquids and gases. To prevent from uncontrolled leakages of such media, there are used the double 
mechanical face seals of tandem or parallel («back to back», «face to face») location, which are provided 
with external supply of neutral buffer liquids or gases. The double mechanical face seals are the 
complicated precision units of the developed axial sizes equipped with the complicated cooling and 
feeding systems for buffer liquids or gases. As a result, the seal reliability is reduced and its cost is 
sharply raised. 
The buffer seals with the coaxial location of stages [1], which are created on the basis of impulse face 
seals, have some essential advantages. Due to the coaxial location of the stages, the unit design is 
* Corresponding author. Tel.:+38-0542-333594; fax:+38-0542-333594. 
E-mail address: anzagorulko@omdm.sumdu.edu.ua 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
44   V. Martsynkovskyy et al. /  Procedia Engineering  39 ( 2012 )  43 – 50 
simplified and its dimensions are decreased with saving advanced reliability and tightness, which are 
representative for the self-regulated impulse seals [2]. 
2. Design and working principle of seal 
The double impulse seal provided with supply of buffer liquid or gas is shown in fig.1. On rotational, 
axially movable ring 1 of the seal, there are provided closed chambers 3, and in supporting disk 4, there is 
performed circular buffer groove 2. Into the face gap on radius 2r of the chambers arrangements, through 
throttle channels 5 executed in a motionless supporting disk 4 there is supplied buffer medium under 
pressure 
e
p . For a short period of time ωα=1t , when a separate chamber passes by a feeding channel, 
the pressure in the chamber abruptly rises up to value 
max2p . The pressure impulse on time interval 1t
causes the compression of buffer medium in the chamber. During the period of time 12 tTt −=   
( ( ) iT ,i2 ωπ=  - the number of the feeding throttles 5) chamber 3 is isolated from feeding throttles 
(feeders). For this period of time, the medium compressed in the chamber has been flowing out, and the 
pressure in the chamber has been decreasing to minimum value 
min2p , which is the less, the more is a face 
gap. The seal can be considered as a static system of automatic control, for which a face gap is a 
controlled value; force ( )xF
s
 is a controlling action. Sealed pressure 1p , outlet pressure 3p , pressure of 
buffer medium 
e
p  and rotating frequency ω are the external actions. 
To prevent the sealed medium from possible leakages outside, there is provided buffer groove 2 (fig. 
1). Owing to the groove great volume (in comparison with the volume of the face gap), the pressure 
pulsations in the groove smooth out and there is established average pressure 2ppi < . The buffering 
pressure 
e
p  should be selected so that pressure ip  in the buffer groove slightly exceeded the pressure 
value of the sealed medium. 
      a) 
            
   b)      c) 
Fig. 1. Buffer impulse seal scheme (a); pressure distribution in face gap (b); hydraulic path scheme (c) 
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Fig. 2. Pressure diagrams at face surfaces of axially movable ring ( )21 xɯ <
The flat annular throttles being arranged upper relative to the chambers and having conductance values 
1211, gg  (fig. 1, b, c) limit the leakages of the buffer medium into the cavity to be sealed. The lower 
throttle, with conductivity 3g , limits the leakages of the buffer medium into the atmosphere; those 
leakages are conditioned by the throttle pressure drop 32 pp − . 
Thus, the inner and outer belts of one pair of rings, which are separated by the unloading chambers, 
perform the functions of two conventional, coaxially arranged cascades. 
3. Settlement of the problem and the computational model 
Static calculation is brought to building the static characteristics, namely, the characteristic curves for 
the face gap, as well as internal leakages of buffer medium into the cavity to be sealed and external 
leakages of buffer medium into the atmosphere versus the pressure values for the buffer medium and also 
the medium to be sealed. The calculation is performed based on the joint solution of the flow rate balance 
equations and the equilibrium equation for axially movable ring. 
The computational model has been built based on the results of measuring pressure in the chambers 
and over the radius of the face gap [3]: the pressure value at the bridges is approximately equal to the 
mean pressure value in the chambers, and the pressure value over the radius of the face gap varies linearly 
(fig. 2). For time 1t , the chamber pressure increases linearly and the liquid (gas) is compressed. For time 
2t , the pressure also decreases linearly (fig. 1 a) by exhausting the working medium out of the chamber.
The small high-frequency vibrations of the ring do not have a noticeable influence on the averaged flow 
rate and power characteristics. The mode of fluid flowing in the channels is assumed laminar, because the 
gap is small Allen (2-6 microns), and the seal must operate with drop leakages. The number of the 
chambers is 8 to32, the number of the feeding throttles i = 2 to 4. 
4. Seal static calculation 
4.1. Continuity Equation 
For the hydraulic path, as shown in fig. 1, the equations of the flow rate balance are of the form 
111231222e ,, QQQQQQQ =+== ,                                                                                                (1) 
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where 
( ) ( )
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max2ppɟ =′  - outlet feeder pressure; conventional pressure conductance 2g  and conductance values for 
internal and external face throttles (fig. 1, ɚ) are determined by formulae [2] 
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g  - conductance of laminar, tubular throttles (length el , radius er ) [4].  
Taking into account the flow-rate expressions, equations (1) are brought to view 
( ) ( ) ( ) ( ) ( )323i2122 , ppgppgppgppgppg eeeeveee −+−=′−−′=′− , 
( ) ( )111212 ppgppg ii −=− . 
From these equations, we find averaged value for the period between two successive pressure injections
in the chambers: ( )
3
3
3311
2
ugg
upgpgpgp
sc
nnec
+
++
= ; 
11
1
2
12
1
1 g
gp
g
gppi += ,                                                                        (4) 
where 
( )
nns
vne
vne
c
ggg
gg
ggg 31, +=Ω+
Ω
=Ω ,  
1211
1211
1 gg
ggg
+
= .                                                                       (5) 
In the absence of the inlet throttles ( ∞→
e
g ) Ω=→
vnv
ggg
c
.  
The second formula (4) makes it possible to determine the pressure value in the buffer groove and 
choose the necessary pressure value for the buffer medium, whereat it is satisfied the requirement 
1ppi > : 
( )3131 ɪɪg
gpp
c
e
−+> .                                                                                                                      (6) 
The pressure in the chambers being represented in the dimensionless form 
( )
3
3
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ψψψψ .                                                                                                         (7) 
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4.2. Force revealing face gap (fig.1, b) 
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And after substitution (7) 
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where: 
c
e
n
e
e A
a
p
p
== σψ ,,3,2,1
,3,2,1 ; 31 BBAc +=  - the area of the entire face surface of the axially 
movable ring and the nominal value of the sealed pressure is taken as 
n
p . 
4.3. Hydrostatic seal stiffness 
Stiffness coefficient is derivative of force sF  (regulatory effect) across the gap (controlled variable). 
Dimensionless stiffness coefficient 
( ) ( )331123
2
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The obtained formula shows that the hydrostatic stiffness is negative 0<κ , when 
3311 ψψψ nnes ggg +>    or   3311 pgpgpg nnes +> .                                                                            (11) 
This inequality is the condition for static stability. The conductance 
c
g , at which the hydrostatic stiffness 
modulus reaches maximum, is determined by the equation 0=∂
∂
c
g
κ
 and makes 3
*
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If the resistance value of the feeding channel is small ( )
vce
ggg →∞→
*
, , the stiffness is specified by 
conventional conductance of compression 
v
g . 
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4.4. Seal static characteristics 
Static characteristics of seals are found from the axial equilibrium condition for the axially movable
ring: 
  
kes FFF += ,    ( )xkFpBpBF ke +Δ=+= ,3311 ,                                                                          (12) 
where: 
e
F  is constant external loading force; kF  is compression force of the elastic elements; k is 
reduced stiffness coefficient of elastic elements, Δ  is value of the spring preliminary compression. 
Having substituted the expressions for the forces into the equilibrium condition, we obtain an equation 
wherefrom we find as follows 
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A static characteristic can be built per any of the external influences: Ω,,,, 31 ke ψψψψ . However, it 
should be taken into account that in order to prevent the sealed fluid from the leakages outside, the 
pressure value of the buffer medium should be 0.1-0.2 MPa higher than the pressure sealed. So, between 
these values of pressure, there is an additional link, which can be characterized by ratio 
ɟɟɟ ɪɪ δψψψ == 1 . Taking into account this link, after dividing the numerator and denominator by 1ψ
expression (13) is brought to the view: 
( ) ( ) 1133311
113313
ψψψψσασσασ
ψψψψσσσδψ
α
ɤss
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u
+−+−
−−−Ω= .                                                                       (15) 
The seal operation area is in the range of positive values of the face gaps 0>u . The gap keeps 
positive if the numerator and denominator (15) have the same signs, i.e. when for positive values of the 
numerator and denominator there are provided the inequalities  
( ) ( )[ ].1,1 333
11
133
1
1 ks
s
k ψψσασσσα
ψσδψψψσ
σσ
ψ +−
−
<−+
−
>
                                                 (16) 
In the case of negative signs of the numerator and denominator inequalities (16) are replaced by the 
inequalities of the opposite sense. 
The optimal value of the face gap, namely 1, == uxx
n
, is set at equality of the numerator and 
denominator of the equation (15): 
( ) ( ) ( ) ksskecs ψψσασψσασψψσψσσψα +−+−=−−− 3331113311 . 
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While considering the last equation together with condition (7), the dimensionless form of which is 
( )3131 ψψαψψδψ −>−= ce , then it is possible to achieve inequality ( ) ( )1331 σσψψσψ −+< k . On 
returning to dimensional quantities, we have 
( ) ( ) ke FpABpBaa +−<−+ 333111 5,0 . 
Taking into consideration that 
c
ABB =+ 31 , it is possible to write: 
( ) ( ) ( ) kce FpAApaappB −−−+>− 3311311 5,0 .                                                                               (17) 
From (17) it can be obtained loading area 1B , which is used to determine load factor cp ABk 1~ . The 
choice of the areas, which satisfy condition (17), provides the seal operation characterized by the value 
being close to the optimal value of face gap ( )
n
xx ≈  at fixed nominal pressure values. Simultaneously, it 
is satisfied condition described with 1ppi > . 
The flow rate values for buffer fluid flowing into cavity ( )1Q , as well as into the atmosphere ( )3Q , 
which are also the static characteristics, are defined by formulae (2), wherein the conductance values 
31211,g gg  (3) for the sections of flat channels with central angle α , should be απ2 times increased. In 
view of this note, after substituting the averaged pressure value (7) for the chambers, the formulae for the 
dimensionless flow rates are brought to view 
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The sealed medium is not leaked outside under condition of availability of the buffer medium flowing 
into the chamber being sealed with flow rate: 0Q1 >  or, as it is evident from the first formula (18) 
( ) 1331 ψψαδψ ΔΩ> ucɟ . 
The obtained inequality is equivalent to (6). 
In fig. 3, there is shown the example of a static characteristic that is, the dependence of the 
dimensionless face gap u on 1ppe  for the seal with the radius values (in millimeters): 
,61,54,58,52 21223 ==== irrrr ,7811 =r 56,61 41 == rr . As optimal face gap, there was accepted 
4=
n
x mkm, the chamber depth 3mm, the rotor rotational speed of 3000 rpm, the number of the feeders 
4=i . The buffer fluid is water at temperature 400ɋ and with dynamic viscosity =μ  0,67.10-3 Pɚ.ɫ and 
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coefficient of elasticity ȿ=2,2.109 Pa; ( )
ne
pp 1 =1,2, 1pp⊕ =0,2. At nominal parameters, the external 
leakages of the buffer fluid that are calculated per the second formula (1.57) make =3Q 4.9.10-3 cm3/s.  
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Fig. 3. Static characteristic 
According to the static characteristic, it can be seen that in the range 1.0 ≤≤ 1ppe 1.6 the face gap 
value deviation from its optimal value does not exceed 20%, i.e. in wide enough range of pressures 
values, there is ensured the seal stable operation.
5. CONCLUSION 
Operating experience of impulse seals under various extreme conditions has confirmed their main 
positive properties: an effective heat-removal, the ability to condense fluids, gases, gas-liquid mixtures, 
reversibility with respect to the direction of rotation and the pressure drop to be sealed, the ability to serve 
as parking seals, significantly lower dimensions as compared with conventional mechanical face seals. 
The disadvantage of the above mentioned designs of the buffer seal is considered the presence of the 
tubular feeders characterized by the risk of clogging. However, this drawback had been eliminated in the 
new designs with internal throttles-feeders [1]. The use of such seals can save energy and resources, as 
well as increase the environmental safety of the pump and compressor equipment. 
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